Background and Purpose-This study describes the development of a Rasch-built scale measuring activity limitations in stroke patients, named ACTIVLIM-Stroke. Method-This new Rasch-built measure was constructed based on stroke patients' perceptions of difficulty in performing daily activities. Patients were recruited from inpatient and outpatient rehabilitation departments in Belgium and Benin. A 73-item questionnaire was completed by 204 participants. A random subsample of 83 subjects was given the questionnaire a second time. Data were analyzed using RUMM2030 software. Results-After successive Rasch analyses, the ACTIVLIM-Stroke questionnaire, a unidimensional and linear 20-item measure of activity limitations, was constructed. All 20 items fulfilled Rasch requirements (overall and individual item fit, category discrimination, invariance, local response independence, and nonredundancy in item difficulty). This simple patient-based scale encompasses a large range of activities related to self-care, transfer, mobility, manual ability, and balance. The ACTIVLIM-Stroke questionnaire exhibited high internal validity, excellent internal consistency, and good crosscultural validity. The test-retest reliability of item difficulty hierarchy (intraclass correlation coefficientϭ0.99) and patient location (intraclass correlation coefficientϭ0.92) were both excellent. Furthermore, it showed good external construct validity using correlations with the Functional Independence Measure motor and the Barthel Index and a higher discriminating capacity than either of these widely used indices. Conclusions-The ACTIVLIM-Stroke questionnaire has good psychometric qualities and provides accurate measures of activity limitations in patients with stroke. It is recommended for evaluating clinical and research interventions in patients with stroke, because it provides a higher discrimination and might be more sensitive to change. (Stroke. 2012;43:00-00.)
T he increasing use of patient-reported outcomes has encouraged the development of several questionnaires to evaluate individual functioning based on the International Classification of Functioning, Disability and Health framework. The International Classification of Functioning, Disability and Health, a classification of health and health-related domains, describes individual functioning in 3 domains: (1) body functions and anatomic structures; (2) activity; and (3) participation. 1 Problems in each domain are, respectively, impairments, activity limitations, and participation restrictions. In the activity domain, the International Classification of Functioning, Disability and Health defines activity limitations as the difficulties a person might have in executing daily activities. Activity limitation is a behavior that is a combination of motor function, compensatory behavior of individuals, and personal (eg, age, lifestyle, motivation) and environmental (eg, architectural characteristics, ground type) factors. Therefore, limitation of activity cannot be measured directly but can be inferred from an individual's perception of the difficulty of performing activities.
Despite the wide range of instruments currently available, only few are identified as meeting rigorous, evidence-based modern psychometric standards for a rating scale. 2, 3 Earlier tools were developed following traditional standards of measurement science, concentrating on key aspects such as reliability and validity. More recently, a greater emphasis has been given to more powerful diagnostic approaches, which examine a wider range of attributes such as response category functioning and differential item functioning (DIF). Among the new approaches, the Rasch measurement model is the most commonly used. 4 Over the last 15 years, Rasch analysis has been widely used in health science. [5] [6] [7] [8] [9] Some Rasch-built scales such as the ABILHAND scale (a measure of manual ability), 10 the ABILOCO scale (a measure of locomotion ability), 11 and the EG Motor Index (a measure of mobility) 12 assess the functioning of patients with stroke. The Stroke Impact Scale, developed in 1999, 13 has been refined in 2003 using Rasch analysis. 14 However, most stroke-specific Raschbuilt scales evaluate only some aspects of activity limitations as defined by the International Classification of Functioning, Disability and Health. 1 ABILHAND, ABILOCO, and the EG Motor Index assess specific aspects of activity limitations and are important in trials designed to evaluate the effect of particular interventions focused on a specific skill, for example manual ability or mobility. However, they cannot be used as a comprehensive measure of whole activity limitation. The Stroke Impact Scale is a broad assessment tool of physical function and not a measure specific to activity limitations, because it includes items from the body function domain (eg, "bladder and bowel control"), activity domain (eg, "move from a bed to a chair," "bathe yourself"), and participation domain (eg, "go shopping").
A full assessment of a stroke patient's functional ability should consider the broad range of activity limitations as a whole variable, as did Vandervelde et al 15 in the ACTIVLIM scale, a Rasch-built measure of activity limitations in children and adults with neuromuscular disorders. However, the use of the ACTIVLIM questionnaire for patients with stroke would require a validation in that diagnosis. Moreover, given the increase in multicenter international studies, so facilitating comparison of the outcome of across different populations, crosscultural validated outcome measures are also required. Consequently, this current study aimed to calibrate and validate the ACTIVLIM questionnaire for patients with stroke from Europe (Belgium) and Africa (Benin).
Methods
Data were collected from French language-speaking communities in European (Belgium) and African (Benin) patients with stroke. This study was approved by the Ethics Committee of the Université catholique de Louvain in Belgium and the local ethics committees of the participating caregiver centers and hospitals in Benin. Patients signed an informed consent form before being included.
Subjects
Patients were recruited from rehabilitation departments, including patients with stroke currently undergoing rehabilitation and those discharged. Patients who had been discharged were identified from patient registers at the recruitment centers. The study was restricted to patients presenting no major cognitive deficit that could potentially prevent them from completing a self-report questionnaire (Ն24 of 30 on the Mini-Mental State Examination). 16, 17 
Patient Assessment and Outcome Measures
In addition to demographic and clinical data, assessment included the ACTIVLIM-Stroke questionnaire, the Functional Independence Measure (FIM), 18 and the Barthel Index (BI). 19 
ACTIVLIM-Stroke Questionnaire
A preliminary list of 81 items generated by Vandervelde et al 15 was submitted to physical therapists, occupational therapists, and medical doctors involved in stroke rehabilitation. They were asked to identify which items were not relevant for patients with stroke, resulting in deletion of 5 items. Three other items that concerned specific lifestyle aspects with no direct correspondence to 1 of the countries studied were removed from the original list. For example, getting on an escalator was deleted because escalators are not common in Benin. A set of 73 items was submitted to both European and African patients with stroke. Patients were asked to provide their perceived difficulty in performing each activity if completed without technical or human assistance. The response format was a 3-level scale labeled and scored as impossible (0), difficult (1), or easy (2) . Unfamiliar activities were recorded as missing responses.
BI and the FIM
The BI and FIM are observer-rated generic measures of disability widely used in rehabilitation. 20 They are accepted as functional-level assessment tools evaluating the functional status of patients throughout the rehabilitation process. The FIM comprises 18 items, 18 and Linacre et al 21 found that these items define 2 statistically and clinically different indicators: (1) FIM-motor, which assesses disability in motor functions (13 items); and (2) FIM-cognitive, which assesses disability in cognitive functions (5 items). The BI is a 10-item scale assessing different aspects of functional ability for self-care and daily activities. 19 The FIM, although limited, is commonly used by clinicians and researchers as indicated by recent review studies. 22 In a more recent meta-analysis study (2011), it appears that FIM-motor scale and the BI are still used as the main outcome in some randomized controlled trials. 23 
Data Analysis

Rasch Analysis and Item Selection
The Rasch analysis tests whether data from a scale satisfy the rules for constructing interval scale measurement. 24 Based on a mathematical model, it estimates person ability and item difficulty by examining a matrix of these items on a common scale comparing individual response patterns with the response pattern of the entire sample. 4 In other words, it is a probabilistic model that converts ordinal scores into interval measures and, in the process, examines other key attributes such as unidimensionality, invariance, sample targeting of a scale, the appropriateness of response format, hierarchy of item difficulty, and the local independence of items within a scale. Consequently, Rasch analysis enables evaluation of the internal construct validity of a scale, and this is judged through overall fit statistics including item fit, person fit, and total 2 probability, which evaluates the extent to which the scale fits the Rasch model. The reliability of the scale was examined using the Person Separation Index, which indicates the extent to which the questionnaire distinguishes distinct ability levels. Rasch analysis and its applications and advantages are described in detail elsewhere. 8, [25] [26] [27] [28] [29] [30] Patients' responses to the ACTIVLIM-Stroke questionnaire and selected personal factors were analyzed using RUMM2030 software for Rasch analysis, 31 under an unrestricted partial credit model. During successive analyses, the following criteria were used for item selection: (1) missing responses: items presenting a missing response rate of Ն20% were removed before analyzing the entire item set; (2) category discrimination: for each item, the 3-level response format was applied defining 2 thresholds of increasing order. Threshold 1 (t1) was between the categories "impossible" and "difficult" and was expected to be followed by threshold 2 (t2) between the categories "difficult" and "easy." Subjects with higher ability should score higher than subjects with lower ability, indicating correct category discrimination. When the categories were not discriminated as expected, reversed thresholds were observed and these items were deleted; (3) item fit to the model: individual item fit was examined through fit residuals and 2 statistics. Residuals indicated the deviations of items from the expected model score. Only items with residuals within the range Ϯ2.5 were considered as fitting model expectations, and others were removed. Because significant 2 probability (below the Bonferroni adjusted value) indicates misfit, these items were removed; (4) DIF: 4 personal factors were used dichotomously to check the invariance of the item difficulty hierarchy: age (Յ55 years old, Ͼ55 years old), sex (male, female), affected side (left, right), and country (Belgian, Benin). The age cutoff of 55 years was based on the median value of our sample's age distribution, which was 55. Items with DIF were deleted; (5) local dependency: within a scale, local dependency of items affects the test score because it inflates the scale in a particular direction. 32 When items are highly correlated, a patient's response to 1 item will influence the response to another. We examined residual correlations between items considering correlations of Յ0.2 as acceptable.
Scale Validity and Reliability
The external construct validity of the questionnaire was assessed by examining its association with other valid measures. This was based on the concept of convergent validity, which expects good correlation between scales measuring the same aspect. Correlations among FIM-motor, BI, and the ACTIVLIM-Stroke questionnaire were tested. The crosscultural validity of the ACTIVLIM-Stroke questionnaire was examined based on DIF analysis and the invariance of the items' hierarchy across countries. 33, 34 Furthermore, we examined the test-retest reliability of the questionnaire in a subsample of 83 subjects who underwent a second evaluation within 1 to 4 weeks.
Results
Sample Characteristics
Data from 204 patients with stroke were obtained, all of whom had a stroke occurring at least 1 month previously (108 recruited in Benin and 96 in Belgium). Their mean ageϮSD was 57.1Ϯ13. 4 
Item Selection and Metric Quality of the ACTIVLIM-Stroke Questionnaire
From the original 73 items, 3 items presented a missing response rate Ն20% (eg, "putting on a seatbelt") and were removed. The remaining data were fitted to the Rasch model and 8 items had reversed threshold (eg, "using a touchtone phone"), 19 items did not fit the model, 7 items showed DIF (1 for sex, 2 for age, and 4 for country), and 16 presented local dependency with other items. Consequently, 20 remaining items were selected for the ACTIVLIM-Stroke questionnaire.
Analysis of the final 20-item scale demonstrated excellent overall fit statistics for both items (meanϮSD, Ϫ0.44Ϯ0.86) and persons (meanϮSD, Ϫ0.27Ϯ0.83), where fit statistics are standardized to a mean of 0 and a SD of 1. The nonsignificant item-trait interaction ( 2 ϭ49.63, 40 degrees of freedom; Pϭ0.14) indicated that the hierarchical ranking of the items did not vary across the trait, satisfying the required property of invariance of the scale for patients at different levels of activity limitation. An independent t test confirmed the unidimensionality of the scale, where comparisons of estimates derived from different sets of items showed only 3.92% of tests outside the range of Ϫ1.96 to 1.96. 35 The CI for the binomial test of proportions was 0.9% to 6.9%. The reliability (Person Separation Index) of the final scale was 0.88. 
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the associated SE of estimation, and the fit statistics including the standard fit residual, 2 , and 2 probability. ACTIVLIM-Stroke measures. Approximately 95% of subjects, with ACTIVLIM-Stroke measures ranging from Ϫ2.4 to 4.8 logits, reported activity limitations with a fine perception of item difficulties, answering impossible, difficult, or easy. No participant found all items impossible and only 10 answered they could perform all activities easily. The scale is therefore well targeted with no considerable floor or ceiling effect. The middle panel shows the expected response to a given item as a function of patient functional ability. Zero is by convention set as the average item difficulty. A patient with an ability of 0 logit would be expected to perform without difficulty the 5 easiest activities, to perform with some difficulties the 7 average activities, and to fail to perform the 8 most difficult activities. The range of difficulties of the 20 items of ACTIVLIM-Stroke questionnaire fit the distribution of the functional abilities of patients with stroke. ACTIVLIM-Stroke measures were then obtained by converting total raw scores into linear measures. The bottom panel illustrates the relationship between ordinal total score and linear measures. This relationship was approximately linear between total raw scores of 5 and 34, in which a unitary increment in total ordinal score was equal to nearly 0.2 logit. Outside this central range, however, the same unitary increment in total ordinal score increased up to 0.9 logit, indicating that a unitary progression in total score accounted for an increasing amount of functional ability measure. Figure 2 presents differential item functioning plots as a comparison of the difficulty hierarchy of the items as rated by different subgroups according to affected side, age, sex, and country. Most items were within the 95% CI of the identity line, indicating that different subgroups perceived the item hierarchy similarly. Some minor exceptions of items lying outside the 95% CI were seen, but these did not show significant DIF. Additional statistics, based on intraclass correlation coefficient, confirmed the invariance of the ACTIVLIM-Stroke scale. Indeed, intraclass correlation coefficient between females and males, younger (Յ55 years old) and older (Ͼ55 years old), left and right affected side, and European and African samples was Ն95 (PϽ0.001). The ACTIVLIM-Stroke questionnaire demonstrated good invariance of item hierarchy because item difficulty was consistently estimated across groups.
Invariance of the Items Hierarchy
Validity and Reliability of the ACTIVLIM-Stroke Questionnaire
The ACTIVLIM-Stroke measures were highly and significantly correlated with the BI (rϭ0.83, PϽ0.001, nϭ119) and the FIM-motor (rϭ0.82, PϽ0.001, nϭ140). These correlations demonstrated a good convergent validity of the ACTIVLIM-Stroke questionnaire (Figure 3 ) and highlighted the low discriminating capacity and high ceiling effect of the FIM-motor and BI. Indeed, 38% (nϭ77) of participants had FIM-motor scores Ͼ80 of 91, indicating a high level of independence, whereas their ACTIVLIM-Stroke measures ranged from 0.34 to 5.03 logits (Figure 3) . Similarly, 27% (nϭ56) of participants had BI scores Ͼ85 of 100, whereas their activity measures ranged from 0.77 to 5.03 logits (Figure 3) . These results confirmed that the widely used FIM and BI do not appear to be sufficiently sensitive to discriminate higher levels of independence.
The test-retest of the ACTIVLIM-Stroke questionnaire in 83 patients showed excellent reliability. Patients' measures (intraclass correlation coefficientϭ0.92, PϽ0.001) and item hierarchy (intraclass correlation coefficientϭ0.99, PϽ0.001) Figure 2 . Invariance of the ACTIVLIMStroke measure tested by comparing the difficulty hierarchy of items in dichotomous subgroups of patients in 4 criteria: affected side, age, sex, and country. More difficult items are in the top right. Solid lines indicate 95% CI of ideal invariance, so items within the solid lines were ranked with the same hierarchy in both patient subgroups. Minor exceptions of items lying outside the 95% CI are seen but these did not demonstrate significant differential item functioning (DIF).
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had very good reproducibility (Figure 4 ). Item hierarchy and most patient measures were within the 95% CI of the identity line, indicating that: (1) the item difficulty hierarchy was invariant across time; and (2) the patients' estimation of their activity limitations was consistent over time.
Scale Description
The new ACTIVLIM-Stroke questionnaire is a 20-item scale in which all items were free of local dependency; showed good individual item fit; indicated no DIF for sex, age, affected side, or country; and exhibited no redundancy in item difficulty. Each item has 3 response possibilities (impossible, difficult, easy). The possible total linear scores provide a wide range from Ϫ4.65 to 5.03 logits. This large measurement range widely explores difficulties of performing daily activities in poststroke patients. For clinical practice, a conversion table is particularly useful. Table 2 presents the conversion of the ACTIVLIM-Stroke raw score (0 to 40) to Rasch measure (logit) and as a centile metric score. This will allow clinicians to quickly transform a patient's raw score to interval measures as long as the patient answers all items.
Discussion
Our study presents a new scale, the ACTIVLIM-Stroke questionnaire, measuring activity limitations in patients with stroke. We describe the calibration and the validation of the scale in a large population of patients with stroke. This new Rasch-built measure was constructed based on both European and African stroke patients' perception of difficulty in performing daily activities. It provides a practical tool for accurate assessment of activity limitations in clinical settings and in community-based rehabilitation programs. This patient-reported 20-item questionnaire encompasses a large range of activities related to self-care, transfer, mobility, manual ability, and balance, yet remains strictly unidimensional. Thus, the ACTIVLIM-Stroke gives a unidimensional simple summed score of activity limitation at the ordinal level with a transformation to interval scaling where required. It has high internal validity, excellent internal consistency, and good invariance by group. Furthermore, it shows good external construct validity and excellent test-retest reliability. The Rasch model is based on the principle of unidimensionality, which is a prerequisite to the summation of any set of items. 36, 37 Consequently, items fitting the Rasch model such as the ACTIVLIM-Stroke questionnaire items contribute to the construct definition of the scale. As expected from a clinical perspective, activities that require higher energy expenditure 38 such as "walking more than 1 km" or "carrying a heavy load" as well as activities requiring higher bimanual dexterity, 10 for example "tying one's laces," were rated as more difficult.
Analyses of the relationships between patient ACTIVLIMStroke scores and other widely used scales also supported the construct validity of the scale (Figure 3) . The higher the FIM-motor and BI scores, the higher the ACTIVLIM-Stroke measures. This confirmed that the ACTIVLIM-Stroke mea- sures are consistent with patient activity level. Previous studies have pointed out limitation to classical test theorybased scales. 5,7,39 -41 We also found that the FIM-motor and the BI were less sensitive than the ACTIVLIM-Stroke questionnaire in chronic stroke patients with high ability level, confirming the appropriateness of the selected items of the new Rasch-built scale. A possible reason for the high discrimination capacity of the ACTIVLIM-Stroke questionnaire is that it evaluates whether a patient can complete a task without any assistance and, if so, the perceived difficulty, whereas the FIM-motor and BI evaluate a patient on performing a given task, irrespective of the task difficulty perception.
Thus, the ACTIVLIM-Stroke questionnaire might be recommended based on its higher discrimination and might be more sensitive to change in patents with chronic stroke.
The reliability (Person Separation Index) of the ACTIVLIMStroke was 0.88, indicating that an appropriate degree of precision will be observed when clinicians or researchers use the questionnaire to evaluate either a group of patients or a single subject. 8 The ACTIVLIM-Stroke also showed excellent test-retest reliability. The intraclass correlation coefficients were 0.99 for item hierarchy and 0.92 for patient measure. These coefficients are sufficiently high to conclude that the questionnaire is reproducible over time and thus provides reliable measures. Additionally, the crosscultural validity of the ACTIVLIM-Stroke questionnaire was tested by checking its invariance across European and African patients with stroke. The absence of DIF supports the crosscultural validity of the new scale.
In addition to (1) being a Rasch-built scale with excellent clinimetric properties; and (2) exhibiting higher ability to discriminate different level of activity limitations in patients with stroke, the ACTIVLIM-Stroke questionnaire has potential add-value compared with existing scales. Indeed, the 20 items of the ACTIVLIM-Stroke questionnaire describe common activities for poststroke patients from Benin and Belgium providing an equal basis for patients' evaluation in both countries. The crosscultural validity of the scale supports its appropriateness and, therefore, its usefulness in multicenter studies.
The 20 items of the ACTIVLIM-Stroke questionnaire are clinically relevant because they represent situations that are regularly experienced by patients with stroke in their everyday life. Activities related to self-care, transfer, mobility, manual ability, and balance are essential human needs and represent a challenge for patients with stroke and their caregivers during rehabilitation. [42] [43] [44] For wide and easy use of Rasch-built instruments, some have proposed nomograms that allow the translation of raw sum scores to logits or centile metric score. 24, 45 We provide a conversion table of ACTIVLIM-Stroke ordinal summed scores to interval measures. Consequently, even if clinicians are not familiar with Rasch analysis, they will be able to transform a patient's total raw score into a linear measure. However, the conversion table is appropriate only if the patients answer all items. If responses are missing, online analysis is available (www.rehab-scales.org) to directly convert ACTIVLIM-Stroke raw scores into linear Rasch measures of activity limitations, taking missing values into account.
Finally, the ACTIVLIM-Stroke questionnaire meets the key scale assessment criteria provided by the 2 most widely used guideline documents for psychometric standards for rating scales established by the Scientific Advisory Commit- 47 Except for responsiveness, which will be evaluated in further studies, this questionnaire satisfies several metric properties such as a conceptual and measurement model, unidimensionality, targeting, reliability, validity, interpretability, respondent and administration burden, alternative forms, and cultural adaptation.
Conclusions
The ACTICLIM-Stroke questionnaire assesses activity limitations in patients with stroke and is focused on the International Classification of Functioning, Disability and Health activity domain. Rasch analysis enabled robust calibration and validation of this new scale through rigorous selection of 20 items. The questionnaire presents good psychometrics qualities and provides more precise and accurate measures of activity limitations in populations with high activity level than existing traditional questionnaires. The ACTICLIMStroke questionnaire was constructed based on both Belgium and Benin stroke patients' perception of difficulty in performing daily activities. A conversion table from ordinal scores to interval scores reinforces the practicality and usefulness of the ACTIVLIM-Stroke questionnaire in clinical settings as well as in research studies.
